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Specific Energy

¢ Theamount of energy that a fuel can provide forthe amount of fuelusedis animportant
consideration forthe modern world
¢ Inorderto compare fuels by unit, eithermass orvolume canbe used
o Comparing by mass is known as specific energy
o Comparing by volumeis known as energy density

¢ Specific energy (Es) is a measure of the amount of energy per unit mass of a fuel
o ItismeasuredinJkg™!

e Energy density (Ep) is a measure of the amount of energy per unit volume of a fuel
o ItismeasuredinJm™3

e Theformula usedto calculate density from specific energy and energy density is:

Energy density

density = Specific energy

e Energy density is related to specific energy by the density of relevant fueland can be
converted between the two quantities this value of density

*> Worked Example
°
Usethe values of specific energy for coal: 35 MJ kg™ and energy density for coal: 2 x
104MJm-3

Estimate the approximate density for coal.

Step 1: List known values

o Specificenergy: 35 MJkg
o energy density: 2 x104MJm~3

Step 2: Identify relationship needed

o Density has units of kgm™3
o Therefore, energy density must be divided by specific energy

Step 3: Perform the division
ED+SE=(2x10% +35=571kgm™3
Step 4: State the final answer
o The approximate density of coalis: 571kgm™3

Examples of Common Fuels: Energy Density and Specific Energy Table

Page 2 of 52

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, PastPapers



https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

(") Exam Tip

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

Fuel Specific energy (MJkg™  Energy density (MJ m™) YO U R N OTES
Coal 35 2x10* l

Hydrogen 130 10

Kerosene 48 3.3 x10*

Gasoline (petrol) 45 3.4 x10*

Wood 15.5 1x10*

Uranium—235 (fission) | 7.5x 10’ 4x10"

The term specific in physics means perunit mass. Forexample, in specific heat
capacity, the unitis perunitmass (and perdegree temperature). Make sure not to
confuse specific energy and specific heat capacity which are different concepts
though related as they both referto mass and energy!
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Sankey Diagrams

e Diagrams areusedtorepresent energy transfers
o Theseare sometimes called Sankey diagrams

¢ Thearrowin a Sankey diagram represents the transfer of energy:
o Theendofthearrow pointing to therightrepresents the energy that ends upin the
desired store (the useful energy output)
o Theend(s) that point(s) down represents the wasted energy

USEFUL
$ ENERGY
TOTAL Sl
ENERGY IN

WASTED WASTED
ENERGY ENERGY

Total energy in, wasted energy and useful energy out shown on a Sankey diagram

The width of each arrow is proportional to the amount of energy going to each store
e Asaresult of the conversation of energy:

Total energy in = Useful energy out + Wasted energy

A Sankey diagram fora modern efficient light bulb willlook very different from that foran old
filamentlight bulb

e Amore efficientlightbulb has less wasted energy

o Thisis shown by the smallerarrow downwards representing the heat energy
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LIGHT
ENERGY
10J

ELECTRICAL LIGHT ELECTRICAL
ENERGY ENERGY ENERGY
1004 754 100J
HEAT HEAT
ENERGY ENERGY
25J 90J
SANKEY DIAGRAM FOR SANKEY DIAGRAM FOR
A MODERN ENERGY AN OLD FILAMENT
EFFICIENT LIGHT BULB LIGHT BULB

Sankey diagram for modern vs. old filament light bulb

> Worked Example

An electric motoris used tolift a weight. The diagramrepresents the energy
transfersin the motor.

ENERGY TRANSFERRED
TO THE WEIGHT
120 J

INPUT ENERGY
500 J

WASTED ENERGY

How much energy is wasted?

Step 1: State the conservation of energy

o Energy cannot be created or destroyed, it can only be moved from one store to
another
o This means that:

Totalenergy in = Useful energy out + Wasted energy
Step 2: Rearrange the equation for the wasted energy
Wasted energy = Total energy in - Useful energy out

Step 3: Substitute the values from the diagram
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500-120=380)

> Worked Example

°
Asmall electric caris driven by a 120 Watt motor.

The useful power output of the motoris measuredto be 33 W. While 36 W of power
is wasted on friction losses and a further 36 Wis wasted on traction losses.

Further poweris lost by the electric car during operation. This situationis shownin
the diagram below.

33W

W 36 W
36W

Determine whatis the remaining powerloss for the electric carwhen operating?

Step 1: State the conservation of energy

o Energy cannotbe created ordestroyed, it can only be moved from one store to
another

o This also applies to power

o This means that:

Total powerin = Useful power out + Friction losses + Traction losses + Wasted power other
losses

Step 2: Rearrange the equation for the wasted power

Wasted power otherlosses = Total powerin - (Useful power out + Friction losses + Traction
losses)

Step 3: Substitute the values from the diagram

120-(33+36+36)=15W
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* Drawing good Sankey diagrams takes practice.
e Startby planning yourdiagram:

o

o

o

How wide are you going to make the input arrow?
How wide will the 'useful energy out' arrow need to be?
How wide must the ‘'wasted energy' arrow be?

* Next, start drawing the diagram one step atatime:

o

Draw the left hand side of the arrow, along with the line going across the
top

Next add the 'useful energy out' arrow, making sureitis the correct width
Now carefully mark the start and end of the wasted arrow - make sure your
marks are the correct distance apart!

Finally join the markings together, finishing the 'wasted energy' arrow
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Primary Energy Sources

e Primary energy sources are foundin nature and have some stored energy capacity
e Tobeaprimary energy source, there must be:

o

o

No processing orrefining
Stored energy must occurnaturally in the source

The definition of a primary energy sourceis:

Energy sources found in the natural environment

¢ Examples of primary energy sources include fuels such as:

o}

(e}

o

o

oil

kerosene

coal

Nuclear material for fission

¢ Primary energy sources can also be renewables such as:

o}

]

o

o]

(e}

Geothermal
= HeatfromtheEarth's crust

Hydroelectric
= Energy storedin waterhigherthan a set of turbines

Solarpower
= Radiation energy from the Sun

Wind power
= Kinetic energy contained within the wind

Tidal power
= Kinetic energy contained within the tides

¢ Ineachexamplelisted above, the primary energy sourceis the focus of the collection

o}

Once processing or conversion of energy from one form to anotheroccurs, thenitis
nolonger a primary energy source
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Secondary Energy Sources YOURNOTES

Secondary energy sources come from the use or processing of primary energy sources {
Often the secondary energy source s electricity

o Itcanalso be petrol, biofuel and heat
The definition of a secondary energy resourceis:

Useful transformations of the primary resources into energy

Examplesinclude:
o Stored gravitational energy from wateris convertedinto electricity in a hydroelectric
plant.
o Qilisrefinedto produce petrol that can be usedto powera car
o Coalisburnttoproduce heatonafire

The table below shows examples of primary and secondary energy sources as they are
usedto produce usefulenergy

PRIMARY ENERGY

| SECONDARY ENERGY |

CRUDE OIL, HARD COAL ﬁ PETROLEUM PRODUCTS,
NATURAL GAS LIQUIDS, === | MANUFACTURED SOLID, | &34 pmy
NATURAL GAS, NUCLEAR z FUELS AND GASES,ETC a
ENERGY,ETC = a
= o}
= ELECTRICITY =
WASTE |=— &= B i = g EN
0
WIND, WAVE AND TIDAL = 5
ENERGY, GEOTHERMAL, = N 9
BIOMASS, e BIOFUELS, P
HYDROELECTRICITY,ETC R ETC
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Energy Resources

e Energyresources are large stores of energy that can be transferred from one forminto
electrical energy that can be used by society
¢ Generating energy reliably requires the use of arange of different energy resources

Renewable Energy Resources
e Arenewable energyresourceis definedas

An energy source thatisreplenished at a fasterrate than therate at whichitis being
used

e Asaresult of this, renewable energy resources cannotrun out
¢ Renewableresourcesinclude:

o Solarenergy

o Wind

o Bio-fuel

o Hydroelectricity

o Geothermal

o Tidal

o Bio-fuels

Non-Renewable Energy Resources
¢ Non-renewable energy resources are those that cannot replenish fasterthan they areused
¢ Non-renewableresourcesinclude:

Petrol(gasoline)

Diesel

Coal

Natural gas

Nuclear fission

(e}

o

[e]

o

o

Energy Resources Table
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Description

Fossil fuels

Burning fossil fuels produces steam, which can turn turbines

Nuclear Nuclear fuel is reacted, producing heat which creates steam

Bio—fuels Plant matter, ethanol or methane can be produced and used as a fuel in place
of fossil fuels

Wind Wind turbines can be used to produce electricity

Hydroelectric

Hydroelectric uses the GPE of water stored in reservoirs to turn turbines
which generate electricity

Tidal A dam is used to trap seawater at high tide, which can then be released
through a turbine generating electricity

Geothermal Heat fromunderground can be used to create steam, which spins turbines
producing electricity

Solar Photovoltaic cells can use light to create electricity or thermal radiation

from the sun can be used to warm water passing through black pipes

Water waves

Wave machines use the kinetic energy from the rise and fall of ocean waves to
drive electricity generators

Uses of Energy Resources

¢ Thethree main uses of energy resources include:

o Transport

o Electricity generation

o Heating
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FOSSIL FUELS
(OIL, COAL AND

TRANSPORT NATURAL GASES) HEATING
FUEL FOR WARMING
VEHICLES HOMES

BIOFUEL

/’EOTHERMM
ELECTRICITY
GENERATION
[ WIND | SOLAR

WIND

SOLAR

| WATER WAVES | | HYDROELECTRIC |

Types of energy resources

Transport

¢ Themajority of vehicles in the world are powered by petroleum products such as petrol,
dieseland kerosene
o Theseresources all originate from crude oil, which is a fossil fuel

¢ Agrowing number of vehicles are now being powered by electricity
o Theadvantage of thisis that while the vehicle is being driven, it produces zero carbon
emissions
o Thedisadvantageis thatwhen thevehicleis being charged, itis connectedto the
National Grid, which currently uses a combination of renewable and non-renewable
energy sources

¢ Vehicles can also be powered by biofuel
o Theadvantage of biofuelis thatitis arenewableresource
o However, the claim that biofuels are carbon-neutralis largely controversial

Electricity Generation

o Electricity plays a biggerrolein people's lives than ever before
* With almost 8 billion peoplein the world, this means the demand for electricity is extremely
high
e Tokeep up with this demand, a combination of all the energy resources available is needed
¢ Onthedownside, the majority (84%) of the world's energy is still produced by non-
renewable, carbon-emitting sources
o This has an enormous negativeimpact on the environment
o Currently, scientists are working hard to develop more and more efficient ways to
produce electricity using more carbon-neutral energy resources
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F’RIMARY GLOBAL ENERGY CONSUMPTION 2019 YOURNOTES
l

RENEWABLES, 12%

NUCLEAR ENERGY, 4%

NATURAL GAS
24%

Pie chart of global energy consumption

Heating

e Mosthomesin cold countries are fitted with central heating systems
e These utilize natural gas in orderto heat up waterwhich can be pumped aroundradiators
throughoutthehome
o Unfortunately, gasis a non-renewable energy resource

¢ Ingeologically active countries, such as Iceland, they are fortunate to be able to heat their
homes using geothermal energy
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Photovoltaic Cells & Solar Heating Panels

Solar Heating Panels

e Solarheatingpanels are used to heat tap water (forwashing and showers) using the
thermal energy of the Sun

e Solarheatingpanels can contain a water or glycol-water mixture which is pumped around
to heat cold water from the main water supply

e The pumped fiuid becomes hot within the solar panel and transfers this heat within a hot
waterstorage cylinder

¢ Asolarpanelheating systemis usually combined with a boilerto produce hot wateratall
times

°SOLAR HEATING PANEL

‘ COLD‘

WATER

BOILER

— 7
PUMP COLD WATER FEED

Asolar heating panel systemina home

Photovoltaic Cells

¢ Photovoltaic (PV) cells are able to convert light from the Sun directly into electricity
e PVcells contain a single crystal of semiconductor that has been dopedto have one side be
a p-type semiconductorandthe opposite sideis an n-type semiconductor
e p-typeandn-typerelate theirnames to the majority of charge carriers within them
o negative electrons forthe n-type semiconductor
o positive 'holes' whichis the absence of electrons in the p-type semiconductor

¢ Photovoltaic cells generate electricity as follows:

o LightfromthesunincidentonthePV cell creates a photoelectric effect on the
electrode atthe surface

o Thereflect-proof film prevents the light from being reflected backinto the air

o Typically, the charge carriers in the semiconductor are in equilibrium, but when
radiationis incidentupon the PV cell, it enables electrons to move from the n-type
layerto the p-type layer

o Themovement of the electrons generates an electrical current
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N\
“ELECTRODE
SOLAR
K ENERGY

W

SOLAR CELL

*REFLECT —PROOF FILM

IN=TNARE
SEMICONDUCTOR

P-TYPE
SEMICONDUCTOR

*ELECTRODE

Asimple diagramofaPV cell

e Asolarpanel systemis madeup of many PV cells in series and parallel within the panel to
increase electrical generation
¢ Typical efficiencies of commercially available PV cell-based solar panels are around 20%

Advantages and disadvantages

¢ Advantages of using solar powerinclude:
Unlimited supply of energy

Clean to produce the electricity
Freely available everywhere

Cheap maintenance

No fuelis required forenergy

o

(e}

(e}

[e]

o

¢ Disadvantages of using solar powerinclude:
Impacted by poorweather

Limited efficiency

Only available during the day

Requires large investment upfront
Needs large areas

(e}

(e}

[e]

o

o]

*> Worked Example

Asmallcommunity has solar panels which have an efficiency of 23%. They have
arranged 103 m?2 of solar panels to catch the sunlight incident upon them which has
anintensity value of:1.36 x 103 W m~2. Estimate the approximate power these solar
panels willproducein1hour.

Step 1: List known values

o Solarpanelarea:103m?
o Theaverageintensity of the Sun:1.36 x 103 Wm™2
o Solarpanel efficiency: 23%

Step 2: Identify relationship needed

o Thefinalanswerrequiredis powerin Watts
o Therefore the quantities mustbe multiplied together

Power = Area x Average Intensity x Efficiency
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Step 3: Perform the multiplication YOURNOTES
Power=103x1.36x103x0.23=3.2x104W i
Step 4: State the final answer

o The approximate power the solar panels will producein 1houris: 3.2 x 104 W

(’) Exam Tip

* An in-depth understanding of how Photovoltaic cells works is not necessary for 1B
DP Physics, however a basic understanding of the process can be useful for tackling
relevant questions.
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Energy Generation

¢ Youneedtoknow about the main ways of generating electricity:
o The equipmentinvolved
o Theadvantages anddisadvantages
o Calculate powerobtained for different setups

¢ Theserevision notes cover:

Nuclear Power

Burning Fossil Fuels

Wind Electricity Generators

Hydroelectric Power

SolarPower

o

o

o

o]

o

Nuclear Power
Control Rods & Moderators:
¢ Inanuclearreactor, a chainreactionis required to keep the reactorrunning
¢ Whenthereactoris producing energy atthe correctrate, two factors mustbe controlled:

o Thenumber of free neutronsin the reactor
o Theenergy of the free neutrons

¢ Todo this, nuclearreactors contain control rods and moderators

CONTROL /EHOT COOLANT
RODS

RADIATION SEEER
SHIELDING 71
PRESSURE nin —(7;_ |

VESSEL

TO ELECTRICITY
GENERATOR

HEAT
EXCHANGER

WATER
CIRCULATOR

Uﬂu

GRAPHITE
MODERATOR |

FUEL AV JJ MUATER
RODS C‘/

COOL COOLANT

B

i

COOLANT
PUMP

The overall purpose of a nuclearreactoris to collect the heat energy produced from nuclear
reactions

Page 17 of 52

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, PastPapers



https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

Control Rods: YOURNOTES

Purpose of a controlrod: To absorb neutrons i

e Controlrods are made of a material which absorb neutrons without becoming dangerously
unstable themselves
¢ Thenumberof neutrons absorbedis controlled by varying the depth of the controlrods in
the fuelrods
o Loweringtherods further decreases therate of fission, as more neutrons are
absorbed
o Raisingtherodsincreases therate of fission, as fewerneutrons are absorbed

¢ Thisis adjusted automatically so that exactly one fission neutron produced by each fission
eventgoes on to cause anotherfission

¢ Intheeventthenuclearreactorneeds to shut down, the controlrods can be lowered all the
way sonoreaction cantakeplace

Moderator:
The purpose of amoderator: To slow down neutrons

e Themoderatoris a material that surrounds the fuel rods and control rods inside the reactor
core
e Thefast-movingneutrons produced by the fission reactions slow down by colliding with
the molecules of the moderator, causing them tolose some momentum
¢ Theneutrons are slowed down so that they are in thermal equilibrium with the moderator,
hencethe term ‘thermal neutron’
o This ensures neutrons canreact efficiently with the uranium fuel

Shielding:

e Theentirenuclearreactoris surrounded by shielding materials
e Thepurpose of shieldingis to absorb hazardous radiation
The daughter nuclei formed during fission, and the neutrons emitted, are radioactive
e Thereactoris surrounded by a steel and concrete wall that can be nearly 2 metres thick
This absorbs the emissions from thereactions
o Itensures thatthe environment aroundthereactoris safe
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MULTIPLE LAYERS TO SAFETY

é\E45 INCH STEEL—-REINFORCED CONCRETE|

H < 1/4 INCH STEEL LINER]

= —36 INCH CONCRETE SHIELDING |
2 —¢8 INCH STEEL REACTOR VESSEL|
—{NUCLEAR FUEL ASSEMBLIES|
WJ o

Shielding metals in a nuclear reactor

Advantages & Disadvantages of Nuclear Power

¢ Advantages of using nuclear powerinclude:
o Extensivereserves of fissionable materials
o Increasingly refine technology available
No greenhouse gases produced
o Alarge amount of poweris produced

o

+ Disadvantages of using nuclear powerinclude:

o Hazardous radioactive waste materials produced
Dangerous if the power plant goes significantly wrong
Danger of misuse of nuclear material
Problems with mining fuel

o]

o

o

Burning Fossil Fuels

e Fossilfuels, such as coaland oil, are used to produce energy on-demand when energy is
needed
o Thisis done by burning the materials when the energy is required

When fossil fuels are burned, itis used to heat water
o This wateris heateduntilitbecomes steam

e Steamis forced aroundthe system andthis turns a turbine
The turbine spins andis connected to a generator which generates electricity
o This electricity is carried out of the system by electrical lines

¢ The steam within the turbine will cooland condense and then be pumped backinto the
boilertorepeat the process
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BOILER
(FURNACE)

STEAMe TRANSMISSION
L|NES

TRANSFORMER
*CONDENSER

Diagram of a Fossil fuel based Reactor. The overall purpose of the reactoris to collect the
heat energy produced from burning fossil fuels

[ CONDENSER COOLING WATERa)

¢ The approximate efficiency of fossil-fuel based power plants is approximately 40%
o Energyislosttoheatwithin exhaust gases, heatloss inthe condenserprocess and
friction within the system

Advantages & Disadvantages of Fossil Fuels

* Advantages of using fossil fuel based power plants include:
o Extensiveinfrastructureinplace
o High energy density of fuel
Available energy atany time
Well-known and developed technology

]

o]

» Disadvantages of using fossil fuel based power plants include:
o Produces greenhouse gases
o Unsustainable (non-renewable)
o Produces pollution

Wind Electricity Generators

e Wind generators can be principally horizontally or vertically aligned
o The majority of modern designs use horizontally aligned designs

-ROTOR BLADE r\

FIXED PITCH
ROTOR BLADE

: ﬁ g ﬁfGENERATOR

HORIZONTAL AXIS VERTICAL AXIS

The two main designs of wind generators: horizontal and vertical alignment
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¢ The approximate efficiency of wind generators is approximately 30%
o Energyislosttoaerodynamiclimits, losses transferring the electricity to the gridand
friction within the system

Advantages & Disadvantages of Wind Power

¢ Advantages of using wind-powered generators include:
o Clean(non-polluting) energy generation
o Freely available
o |s always sustainable and willneverrun out

¢ Disadvantages of usingwind-powered generators include:
o Notconsistent energy production
o Needs favourablelocal conditions to be placed in windy locations
o Canbevisually unappealing

Hydroelectric Power

e Hydroelectric powerusing water stored ata height h, that mass of waterm, is allowed to
flow through turbines being pulled down by the acceleration due to gravity g
o Thefallingwaterhas stored gravitational potential energy which is released when
falingandusedto spin turbines that generate electricity

e Energy canbe stored forlater use by pumping waterback up to a higherlocation to be
releasedto alowerlocation and spinning the turbines again when needed
¢ The approximate efficiency of hydroelectric power generation is approximately 90%
o Energyislost tofriction and otherresistive forces

¢ The approximate maximum power that can be generated from a hydroelectric generator
can be estimated by considering the rate of change of potential energy of the water falling
through the turbines

[ INSIDE A HYDROPOWER PLANT |

POWER LINES
RESERVOIR DAM POWERNOUSE

GENERATOR

TRANSFORMER

===
===
S\

TURBINE
° INT AKE * PENSTOCK OUTFLOW
*CONTROL GATE

A hydroelectric power generation station. In off-peak hours water canbe pumpedback to
the higherreservoir.
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Advantages & Disadvantages of Hydroelectric Power YOURNOTES

e Advantages of using hydroelectric generatorsinclude: l
o Clean(non-polluting) energy generation
o |Issustainable
o Canbe storedforwhenneeded

» Disadvantages of using hydroelectric generators include:
o Largeareas andchanges tothe environment are needed
o Itrelies on suitablelocations
o Alargeinitialinvestmentis required
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Calculating Energy Transformations
Wind Electricity Generators

¢ The approximate maximum power obtained per secondthat can be generatedfroma
horizontal wind generator can be estimated by considering the bladeradius and an
incoming column of air

vxat

N\
\

BLADE
RADIUS —r

AREA | P —DENSITY

V - VOLUME

VELOCITY —v —»

A column of air can provide only a limited amount of energy for a wind generator of blade
radiusr

¢ Acolumn of air of density pcan move through a cross-sectional area A which is determined
by the bladeradiusr
o Theamount of airthat can move through this region is dependent on the velocity of the
airvandthetime consideredt

Thekinetic energy of the airarriving at the turbine every second can be described by:
KE =2 x mass x velocity?

¢ Themass, m, of the column of aircan be described by using the equation

m:pV:pAL

Where:

o p=density of the air(kgm™)

o V=volume of the column (m?3)

o A=cross-sectional area of the column (m?)
L =length of the column (m)

(e}

Thelength of the column can be described by
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L=vt YOURNOTES

¢ Where: i
o v=velocity of theair(ms™)
o t=timetakentotravelthelength of the column (s)

¢ Sincethecaseis being considered forevery second, time, t=1s
¢ Therefore, mass, in this case, willbe:

m=pvtA=pvA
¢ This means power obtained persecond can be described by:
P =2 x (pvA) x v2
P =" pAv3

¢ This equation shows thatthe main variable that canimpact power generated by windis the
wind's velocity
o Ifthewind's velocity remains the same, but the area covered by the blades doubles,
then the theoretical power will double
o Yet,if the area covered by the blades remains the same and the wind velocity doubles,
then the theoretical power available willincrease eight-fold
¢ Typicalvalues of quantities are usefulto be aware of:
o Density of theair=1.3kgm3at standard temperature and pressure
o Velocity of the airrequired to turn the blades = 12 kmh~'to get them turning and then 70
kmh'at full capacity
o Radius of thewind turbineblade=50-150m

*> Worked Example

°
Airmoving at speed 9.5 ms~'with a density of 1.15 kgm~3 is incident on a wind

turbine. Thelength of the blades in the wind turbine are 14 m. After passing the wind
turbine, the airis moving with a speed of 4.5 ms~'and has a density of 1.30 kgm3.
Deduce the maximum power possible every second from this situation.

Step 1: List known values

o Airvelocity before passing turbine:9.5ms™"!
Airdensity: 1.15 kgm™3

Bladelength: 14 m

Airvelocity after passing turbine: 4.5 ms™!
Density:1.30 kgm™3

(e}

[e]

o

]

Step 2: Find maximum power available
P=0.5xpxAxVv3=0.5x1.15xmTx142x9.55=3.04x10°W
Step 3: Find the remaining power within the air after passing the turbine

P=0.5xpxAxVv3=0.5x1.15xmTx142x4.55=3.64x10*W
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Step 4: Find the power available for the turbine touse
P=(3.04x10%)-(3.64x10%)=2.68 x10°W
Step 5: State the finalanswer

o The maximum power available to the turbineis: 2.68 x 10° W every second

Hydroelectric Power

Considerwaterof mass mstored at a height h, thatis allowed to flow through turbines
being pulled down by the acceleration due to gravity g
o The gravitational potential energy of thewaterismxgxh

Therefore, the changein energy (the power) will be:
mxgxh
T At
Where At = the time taken for the change in energy to occur

This can bere-writtenin terms of volume and density ratherthan mass to consider the
equationin terms of the volume flowrate

AV
At
Substituting this into the power equation gives:

. mxgxh pxAVxgxh ( h) (AV)
TToat At =PI at

Therefore, to getlarge energy from hydroelectric power, large flow rates (AV = At) and
heights h are needed to maximise the energy produced

*> Worked Example

In a hydroelectric dam, water of density 1000 kg m-3 flows with a flow rate: 75 x
10-3m3s-1goes through a turbine and descends approximately 22 m. Deduce the
maximum power this will give if the efficiency of the turbine systemis 85%.

Step 1: List the known quantities

Flow rate, AV /At =75 x10-3 m3s-!
Height of waterdrop,h=22m
Density of water, p=1000 kg m-3
Efficiency of turbine system, e =85%

o

o

(e}

(e}

Step 2: State therelevant equation for hydroelectric power

A
P=(pxgxh)x(A—\Qxe
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o P=power(W) YOURNOTES
o p=density (kgm™) 1

o g=acceleration dueto gravity (ms-2)

o h=height of falingwater(m)

o AV/At=theflowrate(m3s)

o e =efficiency [nounits]

Step 3: Substitutein the values
P=(1000x9.8 x22) x (75 x10-%) x 0.85 =1.37x104 W
Step 4: State final answer

o The approximate power available for the situationis: 1.37 x 104 W
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SafetyIssuesin Nuclear Power
Safety Measures for Workers

e Severalmeasures arein place toreduce the worker’s exposure toradiation
o Thefuelrods are handled remotely ie. by machines
o Thenuclearreactoris surrounded by a very thick lead or concrete shielding, which
ensures radiation does notescape
o Inanemergency, the controlrods are fully loweredinto the reactor core to stop fission
reactions by absorbing all the free neutrons in the core, this is known as an emergency
shut-down

Nuclear Waste

e There are three main types of nuclearwaste:
o Lowlevel
o Intermediate level
o Highlevel

¢ Low-levelwaste
o Thisis waste such as clothing, gloves and tools which may be lightly contaminated
o This type of waste willberadioactive fora few years, somustbe encasedin concrete
and stored a few metres underground untilit can be disposed of with regularwaste

¢ Intermediate-level waste
o Thisis everything between daily useditems and the fuelrods themselves
o Usually, thisis the waste produced when a nuclear power station is decommissioned
andtaken apart
o Thiswastewillhave alonger half-life than the low-level waste, so must be encasedin
cementin steeldrums and stored securely underground

¢ High-level waste
o This waste comprises of the unusable fission products from the fission of uranium-
235 orfrom spent fuelrods
o Thisis by farthe most dangerous type of waste as it willremain radioactive for
thousands of years
o Aswellas being highly radioactive, the spent fuelroads are extremely hot and must be
handled and stored much more carefully than the other types of waste

e How high-levelwasteis treated:
o Thewasteis initially placedin cooling ponds of water close to the reactorfora number
ofyears
o |sotopes of plutonium and uranium are harvested to be used again
o Wasteis mixed with molten glass and made solid (this is known as vitrification)
o Thenitis encasedin containers made from steel, lead, orconcrete
o This type of waste must be stored very deep underground

Risks & Benefits of Nuclear Power
o Benefits
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o Nuclearpower stations produce no polluting gases
o They are highly reliable for the production of electricity
o Theyrequirefarless fuelas uranium provides far more energy per kg comparedto coal

and otherfossil fuels

¢ Risks
o The production of radioactive wasteis very dangerous and expensive to deal with

o Anuclear meltdown, such as at Chernobyl, could have catastrophic consequences
on the environment andto the peoplelivingin the surrounding area

Nuclear Energy in Society

¢ Nuclearpowercanscare peopleif they donotunderstandit
e |tis dangerous if not handled properly, yetitis invisible which can be difficult forsome

people to comprehend
* However, withincreased education on nuclearenergy, society can use this knowledge to

inform theirown decisions and opinions

Page 28 of 52

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, PastPapers

YOURNOTES
i


https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

Conduction, Convection & Thermal Radiation

¢ Thermal energy transfers from hotterareas to coolerareas by the processes of:
o Conduction
o Convection
o Radiation

STEAM RISES AWAY
FROM THE TEA THROUGH
THE PROCESS OF
CONVECTION

THERMAL RADIATION
IS EMITTED FROM
THE SURFACE OF ALL
HOT OBJECTS

HEAT IS LOST TO SURFACES
IN CONTACT WITH THE MUG
THROUGH THE PROCESS

OF CONDUCTION

¢ Objects willalways lose heat until they are in thermal equilibrium (same temperature) with
theirsurroundings
o Forexample, a mug of hot tea will cool down until it reaches room temperature

Conduction
e Conductionis the main method of thermal energy transferin solids

¢ Conductionoccurs when:

Two solids of different temperatures come in contact with one another, thermal
energy is transferred from the hotter object to the cooler object

Metals are the best thermal conductors
o Thisis because they have a high number of free electrons

+ Non-metals, such as plastic orglass, are poorat conducting heat
o Poorconductors of heattendto be poorconductors of electricity
o This suggests alink between the mechanisms behind both types of conduction

¢ Liquids and gases are even poorerthermal conductors
o Thisis because the atoms are furtherapart, hence, the intermolecular forces are
weaker
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WITH SLOWER VIBRATING IONS

FREE ELECTRONS TRANSFER
ENERGY THROUGH THE METAL

LT

o -

BT oA Bl N, L7 | [COD
.‘Le"”@’.fqa SR T o o

FASTER VIBRATING IONS COLL\DE'

HEAT ATOM ELECTRON

Conduction: the atoms in a solid vibrate and bump into each other

e Conduction canoccurthrough two mechanisms:
o Atomic vibrations
o Freeelectron collisions

¢ When asubstanceis heated, theatoms, orions, start to move around (vibrate) more
o Theatoms atthe hotterend of the solid will vibrate more than the atoms at the cooler
end
o Asthey dosothey bump into each other, transferring energy from atomto atom
o These collisions transferinternal energy until thermal equilibriumis achieved
throughout the substance
o This occursinall solids, metals and non-metals alike

e Metals are especially good at conducting heat due to theirhigh number of delocalised
electrons
o Thesecan collide with the atoms, helping to transfer the vibrations through the
material
o This, therefore, allows metals to achieve thermal equilibrium faster than non-metals

*> Worked Example
°

Determine which of the following metals is likely to be the best thermal conductor,
andwhichis likely to be the worst.

Metal Density / gcm™ Relative atomic mass

Copper 8.96 63.55

Steel 7.85 55.85

Aluminium 271 26.98

You may take Avogadro's numberto be 6.02 x 102 mol~'and you can assume each
metal contributes one free electron peratom.

Step 1: Use dimensional analysis to determine the equation for the number of free
electrons

o Units fornumber of free electrons per cubic centimetre, [n] = cm™3

o Units for density, [p] =gcm™3
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o

Units for Avogadro's number, [Na] = mol-!
Units forrelative atomic mass, [Al=g mol!

o]

[n12 = [p]° [NAI® [A]°

(cm=3)2=(gcm=3)P (mol)¢(gmol)d

(e}

The only unit present on both sides is cm~3, therefore:

a=b=1

o]

No otherunits are present on both sides, so:
c+d=0
b+d=0
~d=-1c=1
Step 2: Write out the equation for the number of free electrons per cubic centimetre
[n]'=[p]' [NAl'[A]™

A

Step 3: Calculate the number of free electrons in each metal

o Copper:
8.96 x (6.02 x 1023 o
n = 6355 =8.49 x 104 cm
o Steel:
7.85 x (6.02 x 10%3)
_ _ 22 -3
n= TC 85 = 8.46 x 10%2 cm
o Aluminium:
23
2.71 x (6.02 x 10°°)
o X - = 6.05 x 1022 cm3

26.98
Step 4: Rank the metals from best thermal conductor to worst

o Bestthermal conductor =copper(highest number of free electrons)
o Worstthermal conductor = aluminium (lowest number of free electrons)

Convection

e Convectionoccurs when:

Afluid is heated causing the movement of groups of atoms or molecules due to
variations in density

e Convectionis the main way that heat travels through liquids and gases
o Convection cannot occurinsolids
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¢ When a fluid(aliquid ora gas) is heated from below: YOURNOTES
o Theheated molecules gain kinetic energy and push each otherapart, making the fluid 1
expand

o This makes the hot part of the fluid less dense than the surrounding fluid

o Thehot fluidrises, and the cooler (surrounding) fluid moves in to takeits place
o Eventually, the hot fluid cools, contracts and sinks back down again

o Theresultingmotionis called a convection current

COOLER, DENSER
GAS REPLACES IT

I J @Lﬂv

A convection current causedby the heat transfer from the fire

) Worked Example
[ J

Discuss one example, in nature orin thelab, in which convection takes place.
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Step 1: Draw adiagram toillustrate the convection currents

Step 2: Describe the situation

o

One method of observing a convection currentis by heating a beaker of water
containing potassium permanganate crystals
Heatis initially transferred through the glass wall of the beaker by conduction
Thewaterin theregion of the Bunsen flameis heated and expands, becomes less
denseandrises

= This causes the dissolved purple crystal to flow up with the water

Meanwhile, when the water at the top of the beaker cools, it becomes denser again
andfalls
The process continues whichleads to a convection current where heat is transferred
through the liquid
= Thedissolved purple crystal follows this current which is whatis observed during
this experiment

Otherexamples of convectioninclude:
= Atmospheric convection /winds / sea breezes
Thunderheads (a cloud that appears before a thunderstorm)
= Convection currentsin the Earth's mantle (which canlead to continental drift)
= Oceancurrents
= Solarconventions /sunspots /flares

Thermal Radiation

¢ Allbodies (objects), no matterwhat temperature, emit a spectrum of thermalradiationin
the form of electromagnetic waves
¢ Theseelectromagnetic waves usually liein theinfrared region of the spectrum

o}

Black-body radiation can also be emittedin the form of visible light or other
wavelengths, depending on the temperature

e Thermalradiationis defined as:
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Heat transfer by means of electromagneticradiation normally in the infrared region

¢ Thehotterthe object, the moreinfraredradiation it radiates in a giventime
o Thisis because atoms and molecules above absolute zero are in constant motion
o Electric charges within the atoms in a material vibrate causing electromagnetic
radiation to be emitted
o Therefore, the higherthe temperature, the greater the thermal motion of the atoms
andthe greatertherate of emission of radiation

e Thermalradiationis the only method of thermal energy transfer that does not require
matterin orderto move or propagate
o Therefore, thermalradiation is the only way heat can travel through a vacuum

All objects above absolute zero emit infraredradiation

> Worked Example

®
Ahot meteorite hits the surface of the Moon.

Identify and discuss the principle means by which the meteorite can dissipate
thermal energy.

Step 1: Identify the types of thermal energy transfer

o Anobjectcanlose energy through conduction, convection orradiation
o Inthis case, the hot meteorite willonly be able to lose energy via conductionand
radiation

Step 2: Explainthese choices

o Themeteorite canlose heatenergy through conduction becauseitisin contact with
the surface of the Moon

o TheMoon does not have an atmosphere, so convectionis not possible

o Infrared photons emitted by the meteorite are able to travel through a vacuum, so heat
loss via radiationis possible
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YOURNOTES

ExamTip
l

Ifa question...

...mentions thermal energy transfers and metals, the answer will probably have
something to do with conduction!

...refers to thermal energy transfers and aliquid or gas (thatisn’t trapped) then make
sure youranswer mentions that convection currents will probably form!

...refers to the colour of something (black, white or shiny) then the answer will
probably have something to do with thermal radiation!

...involves a vacuum (empty space) then mention radiation as itis the only way in
which heat can travel through a vacuum as conduction and convection require
particles to transferheat!
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Black-Body Radiation

Black body radiationis the name given to the thermal radiation emitted by all bodies
(objects)
Allobjects, no matterwhat temperature, emit black body radiation in the form of
electromagnetic waves
These electromagnetic waves usually liein the infrared region of the spectrum
o Black-bodyradiation can also be emittedin the form of visible light or other
wavelengths, depending on the temperature

The hotter object, the more infrared radiation it radiates in a given time
Aperfectblack body is defined as:

Anobject that absorbs all of theradiationincident onit and does not reflect or
transmit any radiation

Since a goodabsorberis also a good emitter, a perfect black body would be the best
possible emittertoo
As aresult, an object which perfectly absorbs all radiation will be black
o Thisis because the colourblackis whatis seen when all colours from the visible light
spectrum are absorbed

Theintensity and wavelength distribution of any emitted waves depends on the
temperature of the body
This is represented on a black body radiation curve

o Asthetemperatureincreases, the peak of the curve moves

o This moves to alower wavelength and a higherintensity

PEAK INTENSITY
\

INTENSITY

1000 °C
750 °C

WAVELENGTH IN pm
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Black body spectrum for objects of different temperatures

¢ Fromthe electromagnetic spectrum, waves with a smaller wavelength have higher energy
(e.g.UVrays, X-rays)
¢ When an object gets hotter, the amount of thermal radiation it emits increases
¢ Thisincreases the thermal energy emitted and therefore the wavelength of the emitted
radiation decreases
o Atroom temperature objects emit thermalradiationin the infraredregion of the
spectrum
o Ataround1000 °C an object willemit a significant amount of red light
o At6000 °C an object will mainly emit white or blue light (and some ultraviolet)
o Ateven highertemperatures objects willemit ultraviolet oreven X-rays

¢ Ablackbodyis an object which:
o Absorbs alltheradiation that falls onit, andis also a good emitter
o Does notreflect ortransmit any radiation

e Ablackbodyis atheoretical object, however, stars are the best approximation there is
¢ Theradiation emitted from a black body has a characteristic spectrumthatis determined
by the temperature alone

A

I
ULTRAVIOLET IVISIBLE! INFRARED
10

INTENSITY

WAVELENGTH A (Prn)

Theintensity-wavelength graph shows how thermodynamic temperature links to the peak
wavelength for four different bodies
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Stefan-Boltzmann Law & Wien’s Displacement Law

Wien’s Displacement Law

¢ Wien’s displacement law relates the wavelength emitted by a body toits surface
temperature, it states:

The black body radiation curve for different temperatures peaks at a wavelength
whichisinversely proportional to the temperature

This relation can be written as:

A

max

N=

¢ ThefullequationforWien's Law s given by
AmaxT =2.9 x 103 mK

e Where:
° Amax = peak wavelength emitted by the body (m)
o T=temperature of the body (K)

¢ This equation shows:
o The higher the temperature of a body, the shorter the wavelengthit emits at the peak
intensity
o Thehigher the temperature of a body, the greater the intensity of the radiation at
each wavelength

Stefan-Boltzmann Law

e Thepoweroutput of a black body depends on two factors:
o Its surface temperature
o Itsradius

¢ Therelationship between theseis known as the Stefan-Boltzmann Law, which states:

The total energy emitted by a black body per unit area per second is proportional
to the fourth power of the absolute temperature of the body

e |tisequalto:
P:()‘AT4

e Where:

o P=total poweremitted by the black body (W)
o =the Stefan-Boltzmann constant
A =total surface area of the black body (m?)
T = absolute temperature of the body (K)

o

o]

(e}

« When considering a sphere (such as a star) the surface areais equal to 4mr?
¢ |Inthis case, the Stefan-Boltzmann law can be written as:

P= 4'I'I'!‘2()'T4
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YOURNOTES
*> Worked Example !
[

Betelgueseis ournearestred giant star. It has a power output of 4.49 x 103'"W and
emits radiation with a peak wavelength of 850 nm.

Calculate theratio of theradius of Betelgeuse rg to theradius of the Sunrg.

Radius of the sunrg=6.95 x108 m.

Step 1: Write down Wien’s displacement law
AmaxT =2.9x 1073 mK

Step 2: Rearrange Wien’s displacement law to find the surface temperature of
Betelguese

29x1073 29x107°

T= Mar 850 x 1077

=3410K

Step 3: Write down the Stefan-Boltzmann law
P =cAT#
P = 4mir2sT4

Step 4: Rearrange forrand calculate the stellar radius of Betelguese

L (449 x 10%)
= = =6.83 x 10"
s V4JE0T4 m

4mtx(5.67 x 107%)x(3410)*
Step 5: Calculate theratiorg /g

rs _ 683 x 10!
rs — 6.95x 10° =983

o Therefore, theradius of Betelgueseis about 1000 times larger than the Sun’s radius
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The Solar Constant

Sincelife on Earthis entirely dependant on the Sun’s energy, it is useful to quantify how
much of its energy reaches the top of the atmosphere

o Thisis known as the solarconstant
e Thesolarconstantis definedas:

The amount of solarradiation across all wavelengths thatis incident in one second
onone square metre at the mean distance of the Earth from the Sun

¢ Thevalue of the solarconstant varies year-round because:
o TheEarth’sisinanelliptical orbit aroundthe Sun, meaning at certain times of year the
Earthis closerto the Sun, and othertimes of yearitis furtheraway
o The Sun’s output varies by about 0.1% duringits 11-year sunspot cycle
Calculations of the solarconstant assume that:
o Thisradiationisincident on a plane perpendicular to the Earth's surface
o TheEarthis atits meandistance from the Sun

*9 Worked Example

[ J
The Sun emits 4 x 1026 Jin one second. The mean distance of the Earth from the Sun

is1.5x10"m.

Using this data, calculate the solarconstant.

Step 1: List the known quantities

o Poweroutput of Sun,P=4 x1026W
o Distance between the Earthand Sun,r=1.5x10"m

Step 2: Model the scenario using geometry

o Aslightleaves the surface of the Sun, itbegins to spread out uniformly through a
spherical shell

o Thesurfacearea of a sphere = 4112

o Theradius rof this sphereis equal to the distance between the Sun and the Earth
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ALL THE ENERGY PER
UNIT TIME THAT COMES
OUT OF THE SUN, MUST
ALSO COME OUT OF THE
SPHERE AT RADIUS, r.
THIS IS REQUIRED BY
CONSERVATION OF ENERGY

EARTHe
r=15x10"m

|P=4x10"W)|

AREA OF SPHERE = 471r2

THE POWER PER
UNIT AREA IS

P
AN

SOLAR
CONSTANT

Step 3: Write an equation to calculate the solar constant

P
Solarconstant =
4mr
Step 4: Calculate the solar constant

4% 102°

Solarconstant =

=1415Wm=2

4m(1.5%x 10'1)?

Solarconstant=1.4kWm=2(2s.f)
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Albedo & Emissivity YOURNOTES
Albedo {

e Albedo, a,is defined as

The proportion of light that is reflected by a given surface
e |tcanbecalculatedusing the equation

_ total scattered power

total incident power
» More specifically, the albedo of a planetis defined as

Theratio between the total scattered, orreflected, radiation and the total incident
radiation of that planet

e FEarth’s albedois generally taken to be 0.3, which means 30% of the Sun’s rays thatreach
the ground arereflected, or scattered, backinto the atmosphere
e Earth’s albedo varies daily and depends on:
o Cloud formations and season - the thicker the cloud cover, the higher the degree of
reflection
o Latitude
o Terrain - different materials reflect light to different degrees
¢ [tisusefultoknow the albedo of common materials:
o Freshasphalt=0.04
o Baresoil=0.17
o Greengrass=0.25
o Desertsand=0.40
o Newconcrete=0.55
o Oceanice=0.50-0.70
o Freshsnow=0.85
¢ Albedohas nounits becauseitis aratio (orfraction) of power

ALBEDO

A MEASURE (BETWEEN ZERO AND
ONE) OF THE AMOUNT OF LIGHT
REFLECTED OFF OF A SURFACE

OBJECTS LIKE DARK ASPHALT
AND BENNU HAVE A LOW ALBEDO.
OBJECTS LIKE ICE AND SNOW
HAVE A HIGH ALBEDO

ALBEDO

I
o
00
(S]]

1——

Emissivity
e Stars are good approximations to a black body, whereas planets are not
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o This canbe quantified using the emissivity
e Emissivity, e,is defined as

The power radiated by a surface divided by the power radiated from a black body
of the same surface area and temperature

e |tcanbecalculatedusing the equation

power radiated by an object

~ power emitted by a black body

¢ Calculations of the emissivity assume that the black body:
o |satthe sametemperature as the object
o Has the same dimensions as the object

e Foraperfectblackbody, emissivityis equalto
¢ Whenusingthe Stefan-Boltzmann law for an object which is not a black body, the equation
becomes:

P = ecAT#

e Where;
o P=total poweremitted by the object (W)
o e =emissivity of the object
o =the Stefan-Boltzmann constant
A =total surface area of the object black body (m?)
T = absolute temperature of the body (K)

(e}

o

(e}

*9 Worked Example
[

The average albedo of fresh snowis 0.85

energy absorbed by fresh snow

Calculate theratio
energy reflected by fresh snow

Step 1: Definealbedo
o Albedo =the proportion of radiation that is reflected
o Therefore, the energy reflected by fresh snow =0.85

Step 2: Identify the proportion of radiation that is absorbed
o |1f85% of theradiationis reflected, we can assumethat15%is absorbed
o Therefore, the energy absorbed by freshsnow=1-0.85=0.15

Step 3: Calculate theratio

energy absorbed by fresh snow _ 0.15

= =0.18
energy reflected by fresh snow  0.85
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YOURNOTES

(’) Exam Tip .

You will be expected to rememberthat a perfect black body has an emissivity of 1-
this information is notincluded in the data booklet!
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YOURNOTES

l
Greenhouse Gases

When radiation from the Sun hits the Earth, itis radiated back from the Earth's surface as
long-wave radiation
Agreenhouse gasis a gas that absorbs this re-radiated radiation, trappingitin the Earth's
atmospheresothatitis notlostto space

o Greenhouse gasesinthe atmosphere have a similareffecttotheglassina

greenhouse, hence the term greenhouse gas

There are many greenhouse gases, and those that contribute most to the greenhouse
effect are:

o Carbon dioxide (CO,)

o Watervapour(H,0)
These have the most significantimpact on the greenhouse effect
There are other greenhouse gases which have a lessereffect, such as:

o Ozone(O,and Oz)

o Methane

o Nitrous oxides
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YOURNOTES
INCOMING SOLAR RADIATION]| l

OUTGOING
INFRARED RADIATION

RADIATION INTENSITY —M =

|
1

ULTRAVIOLET VISIBLE INFRARED

MICROWAVE

)
I

;

100% : :
1 N

y W

(0)4
100%

0z

100%

ABSORPTION (X}

(0} 4

100% s
TOTAL

ATMOSPHE

0z
0.1 0.2 0.3,0.4 06,081 152 3 456 810 20 30

WAVELENGTH (um)

Greenhouse Gas Absorption Spectrum: Ozone absorbs nearly 100% ultraviolet rays,
carbon dioxide absorbs radiation with wavelengths between 1.5 - 30 um and water vapour
from 0.8 - 35 um. Most of the ultraviolet, visible, infrared and microwave radiationis
absorbedby the atmosphere. The dark parts show radiation that is absorbed by each type
of greenhouse gas. Itis the ozone that restricts most of the outgoing infrared radiation from
leaving the Earth's atmosphere.

Molecular Mechanisms

¢ The greenhouse effect occurs due to the particular molecular structure of greenhouse
gases
o High-frequency UV lightis energetic and able to break bonds within molecules
o Infraredlight, onthe otherhand, causes atoms tovibrate
e The greenhouse gases have a natural frequency that falls in the infrared region
o This means when they absorbinfrared light, they begin toresonate, causing the
molecules toheatup
o Theyabsorbtheinfraredradiation and subsequently emitit back towards the Earth’s
surface
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>

9 SOLAR

o RADIATION

p-d

=z

o

l_

g RADIATION

< EMITTED
FROM EARTH

L1
0.1 0.5 1.0 1.5 2.0

|| g
\ 10 20 30 40 50

WAVELENGTH IN MICROMETERS
UV _|VISIBLE
I I I INFRARED
SHORTWAVE LONGWAVE —>

Solarradiationis primarily short-wave, while the radiation that is re-emittedby earthis
long-waveradiation

O ExamTip

* You may have heard of a separate environmental concern, described as the ‘holein
the ozone layer'; this is not something that you need to know about. Ozoneis an
atmospheric gas thatabsorbs harmful UV radiation before it reaches earth, but any
concerns about ozone depletion have nothing to do with the greenhouse effect. The
problem of ozone depletionis one that has improved significantly due to measures
taken toreduce certain types of emissions; humans can getitright sometimes!

You do not need to know the specific sources of each type of greenhouse gas - all
you needto know is that each greenhouse gas has both naturaland man-made
origins
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The Greenhouse Effect

¢ While only around 25% of the (primarily short wavelength) solarradiationis absorbed by the
atmosphere onits way to Earth, around 80% of the (long wavelength) re-emitted radiation
from Earthis absorbed onits way backinto the atmosphere
o Forexample,incoming UV radiationis absorbed by ozone
o Re-emittedinfraredradiationis absorbed by greenhouse gases
¢ This absorbedradiation keeps Earth at a habitable temperature
o However, if thereis animbalancein the chemical composition of the atmosphere, this
canleadtofluctuationsin the Earth’s mean surface temperature

Process of Global Warming

¢ Incomingradiation from the Sun predominantly takes the form of ultraviolet andvisible
radiation
¢ Visiblelightis notabsorbed by the atmosphere, instead, itis absorbed by the Earth’s
surface
¢ Atnight, the Earth re-radiates this radiation as infrared
e Some of thisradiationis absorbed by the Earth’s atmosphere and some of the radiationis
reflectedbackinto space
e The greenhouse gases presentinthe atmosphere absorb infraredradiation andreflect it
back towards the Earth’s surface
o Thehigherthe concentration of greenhouse gases present, the moreinfrared radiation
thatremainsin the Earth’s surface-atmosphere system
e Therefore, heatenergy becomes trappedinside Earth’s atmosphere and accumulates
o Thisleads to the greenhouse effect and anincreasein average mean temperatures on
Earth
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SUN SOME EMITTED
HEAT PASSES
THROUGH THE
ATMOSPHERE

INTO SPACE

SOME HEAT IS

ABSORBED BY CARBON
DIOXIDE, A GREENHOUSE
GAS. HEAT IS RE-EMITTED
LIN ALL DIRECTIONS AND
SOME BECOMES TRAPPED
WITHIN THE EARTH’S
ATMOSPHERE. THE EARTH
BECOMES HOTTER AS A
RESULT

THE SUN’S
RAYS ENTER
THE EARTH’S
ATMOSPHERE

ENERGY IS
ABSORBED BY

THE EARTH’S
SURFACE AND
°RE-EMITTED AT
LONGER
WAVELENGTHS,
SUCH AS INFRARED
RADIATION (HEAT)

N ATMOSPHERE
™~

e

_—

Greenhouse gases absorb the long-wave radiation emitted by Earth, warming the
atmosphere

e There are many mechanisms that mayincrease therate of globalwarming
¢ Asthetemperature of the Earthincreases:
o lceandsnow willmelt - this willlead to a decreasein albedo and hence, anincreased
rate of heat absorption
o The solubility of carbon dioxide in the sea will decrease - this willleadto anincreasein
atmospheric carbon dioxide concentration
o Surfacewaterwillevaporate - this willlead to anincrease in atmospheric water
vapour concentration
¢ Asaresult,smallincreases in global temperature can lead to large runaway chain reactions
whichleadto catastrophic climate changes, such as
o Significantrisesin sealevel due to the melting of ice
o Extremeweathersuch as heatwaves and heavy floods
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YOURNOTES

l
Earth's Surface-Atmosphere System

¢ |tisusefultoconsiderEarth’s energy balance in terms of how much incoming energy from
the Sunisusedandhow muchisreturnedto space
¢ Ifincomingandoutgoingenergy arein balance, the Earth’s temperature will remain
constant
¢ This canbeusedto create models which can help climate scientists predict temperature
fluctuations based on currentandincreased concentrations of greenhouse gases
o Atit’s simplest, the modelinvolves a one-layeratmosphere above the Earth’s surface

> Worked Example

The diagram below shows a simple energy balance climate modelin which the
atmosphere and the Earth’s surface are treated as two bodies.

344 W 2
e=0.720
o ATMOSPHERE 242 K
ATMOSPHERIC

o= SOLAR RADIATION

EARTH’S SURFACE 288 K

The Earth’s surfacereceives both solarradiation and radiation emitted from the
atmosphere.

At current atmospheric greenhouse gas concentrations, the temperature of Earth’s
atmosphereis settoincrease by 6 K.

Data for this model:

e Currentmean temperature of the Earth’s atmosphere =242 K

e Currentmean temperature of the Earth’s surface =288 K

e Solarpower perunit area at top of the atmosphere = 344 Wm~2
¢ Emissivity of the atmosphere, e =0.720

Albedo of the atmosphere,a=0.280

Use this data to estimate theincreasein temperature of the Earth’s surface.

Step 1: List the known quantities
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o Solarpowerabove atmosphere, P, =344 Wm™2 YOURNOTES
o Emissivity of the atmosphere, e =0.720 1

o Emissivity of the surface, e =1

o New temperature of Earth’s atmosphere, T, =242 + 6 =248 K

o Stefan-Boltzmann constant,6=5.67 x 10" 8 Wm=2K-4

o PowerabsorbedattheEarth’s surface = P

o New temperature of Earth’s surface =T

Step 2: Calculate the solar power absorbed at the Earth’s surface
o This canbe calculated using the emissivity and the solar power above the atmosphere
Ps=exP,
P.=0.720 x 344 =247.68 =248 Wm™2
Step 3: Write the equation for the power emitted by abody
P=ecT?
Step 4: Calculate the new power radiated by the atmosphere
P=0.720 x(5.67 x1078) x 2484=154.43 =154 Wm~2
Step 5: Calculate the new power absorbed by the Earth’s surface

o The powerabsorbedby the Earth’s surfaceis a sum of the solarradiation thatreaches
the surface plus the powerradiated by the atmosphere

New power, P, =248 +154 =402 Wm™2
Step 6: Calculate the new temperature of the Earth’s surface
o TheEarth’s surface can be assumedto be a blackbody, hencee=1
Ps=oTs
400=(5.67x1078) x T

400
Ts=4 ————— =290K
5.67X 1078

Step 7: Determine theincreasein temperature

AT=290-288=2K

(’) ExamTip
* In simplified climate models, you can generally assume the Earth’s surface and the
atmosphere:

e Actas blackbodies - this means the emissivity of the surface willbe equal to 1!
e Remain ataconstanttemperature
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